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What is Geothermal Energy?

• Renewable source of energy derived from heat produced in the subsurface.

1- Thermal anomaly

2- Accessible depth by drilling wells

3- Sufficient porosity and permeability

Geothermal = “geo” + “thermos”

Muffler (°C) Hochstein (°C) Benderitter and Cormy (°C)

Low enthalpy < 90 < 125 < 100 

Moderate enthalpy 90 – 150 125 – 225 100 – 200

High enthalpy > 150 > 225 > 200 

Arizona.edu
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Think GeoEnergy (2023)

Geothermal Energy in the World

• 10 countries has 93.2 % of the world’s
installed capacity for power generation.

• 5 countries with higher than 1 GW
installed capacity for power generation.

• 28 countries produce power with geothermal resources.
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Geothermal Energy in Canada

Geothermal resources in Canada is still under study.

High potential to produce power by geothermal energy:

• British Columbia
• Northern Territories
• Yukon
• Alberta and Saskatchewan

Grasby et al. (2012)
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• Located along the Ring of Fire

National Parks Service (Public Domain)

Study Area

Garibaldi Volcanic Belt
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Study Area

• It is known to have abundant thermal
springs and volcanic structures including
Mount Garibaldi and Mount Meager
Volcanic Complex.

• The Garibaldi Volcanic Belt represents a
chain of young volcanoes in SW BC.

• Located along the Ring of Fire

Garibaldi Volcanic Belt
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Study Area

Structures:

• Meager Creek Fault

• No-Good Discontinuity

• Camp Fault

• Carbonate Fault

Mount Meager Volcanic Complex

Springs:

• Meager hot spring (30° - 59°C)
• Placid hot spring (45 °C) 
• No-Good warm spring (30 - 40°C)
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Motivation

• Multidisciplinary data (Reports in Geoscience
BC website)

• Existence of warm and hot springs and drilled 
boreholes

• Boreholes showed area with high
temperature anomalies.

• Proximity to large human settlements

Mount Meager Volcanic Complex has been studied since the 1970s.
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Easting

MCF

NGF Camp
Carbonate

Measurements:

• Salinity (ppm)

• Electrical conductivity (S/m)

• pH
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Water Chemistry
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Easting

MCF

NGF Camp
Carbonate

Measurements:

• Porosity

• Permeability

Core samples:

Volcanic and intrusive rocks
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Rock Samples
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Easting

MCF

NGF Camp
Carbonate
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Fracture Data

Measurements:

• Spacing (m)

• Aperture (mm)
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Easting
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Magnetotellurics (MT)

• Legacy MT data-1982

• Frontier MT data-2001

• AMT data-2019
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AMT and MT stations (107 stations and 34 periods).

Impedance tensor of data (0.01 Hz–10000 Hz), with 5% error floor.
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Data

3D Model

Vertical mesh: 40 m layers for topography

Subsequent layers increased by a factor of 1.12.

Horizontal mesh: 75 m x 75 m cells

Padding cells increasing by a factor of 1.2.

Starting model: 300 Ωm half-space

Total final RMS misfit: 1.3

Model representation
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NGF

NGF

NGF

NGF
NGF: No-Good Fault

Resistivity Model: Horizontal Plan View 
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• Geological logs

• Temperature data
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Warm Spring

Pylon Peak

Meager
Creek

Building a Conceptual Model

The MMVC geothermal field:

Geological logs

AMT model

Temperature data

(Not to scale)
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The MMVC geothermal field:

Building a Conceptual Model
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SW NE

Resistivity (Ωm) 
1 10 100 1000

Petrophysical Model

Fluid fraction:
• Zones with higher porosity
• Possible size of the resource

The average electrical resistivity of
the pathways in the AMT model is
from 40 to 300 Ωm.

Fluid Flow Pathways

18



Petrophysical Model

𝝆𝒇

Fluid Resistivity

Known Relationship: 𝜌𝑓 = 0.0123 +
1

2.74 × 10−4 × 𝐶𝑠𝑝
0.955

(Source: Tiab & Donaldson, 2016)

Charts:

Ussher et al. (2000) 19



Petrophysical Model

Meager Fluid Chemistry Data:

Fluid Resistivity

𝜌𝑓 =
1

1.1 × 10−4 × 𝐶𝑠𝑝
1.051
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Petrophysical Model

Meager Fluid Chemistry Data:

Fluid Resistivity

𝜌𝑓 =
1

1.1 × 10−4 × 𝐶𝑠𝑝
1.051

𝑅𝑤𝑇2 = 𝑅𝑤𝑇1
𝑇1 + 𝑋

𝑇2 + 𝑋

𝑋 = 10
− 0.3404×log10 𝑅𝑤𝑇1 −0.6414

𝜌𝑓: 0.15-0.8 Ω.m
Temperature Correction:
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𝜑 = 0.1 – 8.5 % We considered: 𝑚 = 1.6

Petrophysical Model

Black lines show different fluid resistivities with the fluid resistivity values annotating the lines.

Hashin and Shtrikman upper boundModified Archie’s Law

Fluid Flow Pathways
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• Bulk resistivities from the AMT
model

• Fluid resistivity

• Temperature data

Petrophysical Model

3-D Model of Porosity
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Basement samples:

• Permeability: Up to 0.002 md

• Porosity: 0.2–3.2 %

Volcanic samples:

• Permeability: 0.001–5,186.57 mD

• Porosity: 2.6–23.2 %

Parameter HS+ MAL

Porosity (%) 0.1–2.9 0.8–8.5

Permeability (mD) 0–0.002 0.001–0.249

Petrophysical Model

𝑘𝑣𝑜𝑙𝑐𝑎𝑛𝑖𝑐 = 8 × 10−9 × 𝜑8.0624

𝑘𝑏𝑎𝑠𝑒𝑚𝑒𝑛𝑡 = 0.0015 × 𝜑0.3181

Laboratory Tests
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Fracture set Spacing (m) Aperture (mm)

1 0.1 – 1 Tight – 20
2 0.1 – 1 Tight – 20
3 0.4 – 2 Tight
4 0.05 – 2 Tight – 5

Parameter Modeling

Porosity (%) 0.02 – 40

Permeability (mD) 0.005–666

Fracture set 2:

• NW-SE fracture direction

• Parallel to the regional stress direction

• Permeability up to 666 mD

Petrophysical Model

Fracture Porosity
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Conclusions

• The structures controlling the near surface conductor: No-Good and Meager Creek

Faults.

• Components of Archie’s law are defined for the study area.

• The zone related to 40–300 Ωm electrical resistivity:

o Porosity: 0.1–8.5% and Permeability: 0.00–0.249 mD.

• The volcanic rocks showed higher permeability in laboratory measurements than

fractured basement rock.

• Considering the pattern of fracture sets for drilling purposes will increase the

permeability up to 666 mD.
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Thank You!

Any Questions?

Fatemehormozzadeghal@cmail.Carleton.ca

mailto:Fatemehormozzadeghal@cmail.Carleton.ca
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